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Abstract: 
 
Purpose: 
This study examines whether heart rate recovery (HRR) improves as a result of exercise training 
during cardiac rehabilitation (CR). 
 
Methods: 
A retrospective study was performed that included 100 patients who completed phase II CR and 
had entry and exit exercise stress tests. HRR was compared for the sample. Improvements in 
HRR were compared between gender and age groups. Correlation between age and HRR was 
performed. 
 
Results: 
The total sample improved HRR (P = .020). There was no significant difference in the 
improvement of HRR based on gender, indicating males and females improve at similar rates 
(P = .833). Similarly, there was no significant difference in the improvement of HRR based on 
age, indicating older subjects improve similarly to younger subjects (P = .700). There was no 
relationship between age and HRR; therefore, as age increases there is no decrease in HRR. 
 
Conclusion: 
HRR improves in patients who complete CR. 
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Article: 
 
Coronary heart disease is the single largest killer of American adults with more than 13 million 
having been diagnosed with heart disease.1 Cardiac rehabilitation (CR) services are designed 
with the goals of secondary prevention, which include preventing subsequent events and 
decreasing the progression of heart disease.2 Exercise training has been a core component of CR 
programs since their inception.3 Regular exercise training in persons with cardiovascular (CV) 
disease results in changes in the muscular, CV, and neurohormonal systems that lead to an 
improvement in functional capacity, a decrease in symptoms, and a reduction in CV mortality.3,4 
 
The exact mechanism by which exercise accomplishes these benefits is a subject of much study. 
Some hypotheses include decreases in blood pressure, reductions in body weight, improvements 
in lipid levels, favorable changes in the fibrinolytic system, and improvements in vascular 
endothelium.4 Another emerging theory is the effect of physical exercise on autonomic tone, 
which is defined as the balance between sympathetic and parasympathetic activity.4 Heart rate 
recovery (HRR), the decrease in heart rate (HR) that occurs immediately after exercise, is related 
to autonomic balance.5 
 
In theory, the activation of the sympathetic nervous system (SNS) and withdrawal of the 
parasympathetic nervous system (PNS) causes the increase in HR during exercise. Conversely, 
PNS activation and SNS withdrawal causes the HR to decrease immediately after 
exercise.6 Increased PNS activity has been associated with a decrease in the risk of death by 
protecting the heart against lethal arrhythmias.7 
 
Review of the literature 
 
Recent studies have examined the value of HRR immediately after the completion of an exercise 
stress test as a predictor of outcome.8 HRR is defined as the decrease in HR that occurs 
immediately after exercise.5 These studies show that attenuated HRR, reflecting reduced PNS 
activity, is an independent predictor of mortality in a wide spectrum of patients.5 Shetler and 
colleagues9 validated HRR at 1 or 2 minutes as a prognostic measurement that should be 
recorded as a part of all treadmill tests. 
 
In a cohort of 5234 healthy adults without clinically evident CV disease, HRR after submaximal 
exercise testing was a powerful predictor of all-cause mortality.10 The exercise tests were 
stopped when 85% to 90% of age-predicted peak HR was reached, no cool-down period was 
performed, and HRR was measured at 2 minutes after exercise. Those with an abnormal HRR 
had a mortality rate of 10% versus 4% among those with normal HRR after 12 years of follow-
up. An association between fitness levels and HRR was also noted in the study, as those with an 
abnormal HRR were less likely to exercise regularly. 
 
Another study from the same investigators examined HRR in 2428 adults referred for exercise 
thallium scintigraphy over a 6-year period.11 An abnormal HRR was defined as a decrease of 12 
beats or less at 1 minute after exercise. The group with a value of 12 or less had a mortality of 
19%, whereas the group with an HRR greater than 12 had a mortality rate of 5%. The study used 
a treadmill protocol with a 2-minute cool-down walk. Poor HRR was predictive of death in 
several important subgroups including the elderly, women, and those taking beta-blockers and 
correlated with impaired functional capacity. 
 
In addition, HRR was found to be an independent predictor of mortality regardless of severity of 
coronary artery disease (CAD) in a study of 2935 patients undergoing coronary 
angiography.12 Abnormal HRR was defined as 12 beats or less in those patients with a cool-
down period after treadmill exercise and 18 beats or less for patients with no cool-down period 
after treadmill exercise. HRR was found to be predictive of mortality regardless of severity of 
coronary disease. 
 
Watanabe and colleagues13 studied the effects of HRR in the absence of a cool-down period and 
taking into account left ventricular systolic function. After a symptom-limited exercise test, 5438 
patients were immediately placed in a supine position and recovery HRs were obtained by 
electrocardiography (ECG). Abnormal HRR was defined as 18 beats or less at 1 minute. Again, 
an abnormal HRR was a strong and independent predictor of mortality, and those patients are 
more likely to have left ventricular systolic dysfunction. Other studies have showed that 
abnormal HRR was found in patients with diabetes or abnormal spirometry.14,15 
 
Three studies have examined improvement in HRR through exercise in the CR population. Entry 
and exit treadmill stress tests were examined from a group of 55 patients undergoing CR.16 The 
patients significantly increased HRR from a mean of 15.4 beats per minute to a mean of 19.4 
beats per minute. Subgroups of men, women, older, and younger patients all significantly 
improved HRR. Patients with recent surgical revascularization were compared with patients 
diagnosed with stable angina to adjust for possible effects of recovery after a cardiac event. The 
analysis showed that exercise in the CR setting is associated with improvement in HRR, and this 
improvement is likely the result of exercise and not solely of recovery from a debilitating event. 
No control group was available for the study. 
 
A second study of 34 patients undergoing CR demonstrated that exercise training was associated 
with significant improvement in HRR from baseline to follow-up exercise stress testing relative 
to a control group of 35 patients.17 The subjects undergoing CR increased HRR by a mean of 4 
beats per minute (standard deviation [SD] 5), whereas the control group decreased HRR by a 
mean of .6 beats per minute (SD 7). A control group of patients did not participate in exercise 
training and did not show improvements in HRR. 
 
A third study by Kligfield and colleagues18 studied whether HRR after submaximal exercise is a 
modifiable characteristic in patients with heart disease and if so, whether HRR improves during 
12 weeks of exercise training during CR in a group of 81 patients. Instead of looking at HRR 
after a treadmill test, this study evaluated HRR after exercise sessions, three at the beginning of 
the program and three at the end. Submaximal exercise effort is more likely to be done during 
routine activities of daily living. This study demonstrated that the effects of exercise training on 
neurohumoral tone as reflected by HRR are extended to periods of submaximal effort that are 
associated with routine activities of daily living. 
 
The review of the literature suggests that one of the many potential benefits of exercise training 
is an improvement in autonomic tone, reflected by an improvement in HRR.5 HRR is a simple 
and readily available parameter for assessing autonomic tone.17 It may be useful as an outcome 
measure for risk stratifying patients after treadmill stress tests.17 It also may be useful for 
identifying patients at risk for subsequent cardiac events and motivating those patients to adhere 
to an exercise program.17 
 
 
Purpose 
 
Exercise in the CR setting has demonstrated a reduction in mortality from CV causes.2 The exact 
mechanism by which exercise achieves benefits is unknown, but one theory suggests the effect 
exercise produces on autonomic tone. HRR, a measure of autonomic tone, has been shown to be 
an independent predictor of mortality, but few studies have shown that HRR can be improved by 
exercise. Therefore, the purpose of this study was to examine whether HRR improves as a result 
of the exercise training during CR to add to the current body of knowledge about HRR. 
 
Research questions 
 
The research questions for this study were as follows: (1) Will the total sample of patients 
undergoing CR significantly improve HRR after completion of CR? (2) Will changes in HRR 
differ between men and women? (3) Will changes in HRR differ in those aged less than 65 years 
(younger) compared with those aged 65 years or more (older)? (4) Is there a relationship between 
age and HRR? 
 
Methods 
 
This study was a retrospective, quasi-experimental design. The setting for this study was the 
UNC Hospitals Cardiac Rehabilitation program located in the UNC Wellness Center, Chapel 
Hill, North Carolina. This setting is part of UNC-Hospitals, a large, southeastern, 665-bed 
hospital with a CR program that treats 150 patients per year. 
 
The sample for this study included adult patients who completed 12 weeks of phase II CR 
between August 2003 and August 2004 and completed symptom limited exercise treadmill tests 
before entry into CR and after completing CR. Patients who had paced heart rhythms, atrial 
fibrillation, or Wolff-Parkinson-White syndrome were excluded from the analysis. Patients 
taking beta-blockers, medications that lower HR and blood pressure, were included in the 
analysis. 
 
Phase II CR was conducted according to established protocols from the American Association of 
Cardiovascular and Pulmonary Rehabilitation.19 Patients were referred from their health care 
provider to the CR program after myocardial infarction, coronary bypass surgery, percutaneous 
coronary intervention (angioplasty or stent placement), a stable angina diagnosis, or other 
cardiac-related diagnoses. Before exercising in the rehabilitation program, patients underwent a 
symptom-limited treadmill stress test, medical evaluation from a cardiac nurse, and exercise 
evaluation from an exercise physiologist. The results from the exercise test were used to assist 
with exercise prescription during the CR program. 
 
Patients exercised under medical supervision 3 days per week for 12 weeks. Each exercise 
session consisted of 10 to 15 minutes of aerobic warm-up and stretching, 30 to 35 minutes of 
continuous aerobic exercise on standard treadmills, bikes, elliptical trainers, and seated step 
machines, followed by 15 to 20 minutes of cool-down stretching and progressive relaxation. A 
second symptom-limited treadmill stress test was obtained at the completion of the program. 
 
The Ramped Bruce Protocol was used for exercise testing for 87% of patients at entry and 100% 
of patients at exit. Other protocols used at entry were the Standard Bruce and the Modified 
Bruce. Exercise testing was performed in a similar manner for each patient. Patients were placed 
on a 12-lead ECG monitor; resting ECG, HR, and blood pressure were obtained. The cardiologist 
reviewed each patient’s medical history and resting values. The exercise protocol was started, 
and each patient exercised until symptoms prevented further exercise or the test was stopped by 
the cardiologist because of ECG changes. Immediately after exercise the patients were placed in 
a supine position for 6 minutes of recovery. There was no cool-down period after exercise. HRs 
were recorded every minute during the exercise phase and every minute during the recovery 
phase. ECG tracings were printed for each minute of exercise and recovery. 
 
Retrospective data collection was completed from charts of patients who had finished and had 
been discharged from the Phase II CR program. Data were obtained from the results of the two 
exercise treadmill stress tests that were performed before entry into CR and after 3 months of 
CR. 
 
Measures 
 
Resting HR, peak HR, and HR at 1-minute recovery was measured using standard 12-lead ECG 
equipment and interpreted by a cardiologist present during the exercise test. Estimated exercise 
tolerance was determined on the basis of standard tables and reported as the estimated maximal 
exercise test (MET) level.20 
 
Resting HR was defined as the number of QRS complexes per minute when the patient is seated, 
before exercise testing. Peak HR was defined as the maximum number of QRS complexes per 
minute obtained by the patient during exercise. HR at 1-minute recovery was defined as the 
number of QRS complexes per minute at 1 minute after peak exercise in a supine position. 
Subtracting HR at 1-minute recovery from the peak HR determined HRR. MET level was 
defined as an estimate of fitness level achieved during graded exercise tests (where 1 MET 
equals 3.5 mL of oxygen uptake per kilogram of body weight per minute).20 
 
Statistical methods 
 
HRR and other exercise testing variables were compared before and after CR for all groups with 
the paired t test. To compare differences in improvements between gender and age, an 
independent t test was used. A Pearson correlation was used to test a relationship between age 
and HRR. For all comparisons, a P value less than .05 was required to determine significance. 
 
Results 
 
Demographic data for the sample are found in Table I. There was an improvement in HRR after 
3 months of CR for the total sample (P = .020), which represents an increase of 13.6%. 
Improvements for the total group include HRR (P = .020), MET level (P < .000), resting HR 
(P = .020), and peak HR (P = .002) (Table II). 
 
 
Table I. Demographics 
 
CHF, Chronic heart failure; VR, valve replacement; SD, standard deviation. 
⁎ Mean (SD). 
† Revascularization includes coronary artery bypass surgery and coronary intervention. 
 
Table II. Exercise testing results for the total sample before and after cardiac rehabilitation 
 
HR, Heart rate; HRR, heart rate recovery; MET, maximal exercise test. 
⁎ Significant result. 
 
Table III. Exercise testing results by gender before and after cardiac rehabilitation 
 
HR, Heart rate; HRR, heart rate recovery; MET, maximal exercise test; SD, standard deviation. 
M = male (n = 69). 
F = female (n = 31). 
⁎ Significant result. 
 
There was an improvement in HRR for the male subgroup (P = .047). Improvements for males 
included HR (P = .047), MET level (P < .0001), and peak HR (P = .001). Overall, HRR 
increased by 13.5%. Females increased the MET level (P < .0001), and overall HRR increased 
by 14.3%. Although there was an absolute improvement in HRR, this was not statistically 
significant (P = .233). However, there was no significant difference in the improvement of HRR 
based on gender, indicating males and females improve at similar rates (P = .833) (Table III). 
 
Improvements for younger subjects included MET level (P < .000) and peak HR (P = .016). 
Similarly, older subjects improved their MET level (P < .000). HRR increased by 15% for 
younger subjects and increased by 12.8% for older subjects. Although there was an absolute 
improvement in HRR for both younger and older subjects, this was not statistically significant 
(P = .064 and P = .159, respectively). There was no significant difference in the improvement of 
HRR based on age, indicating older subjects improve similarly to younger subjects (P = .700) 
(Table IV). 
 
Table IV. Exercise testing results by age before and after cardiac rehabilitation 
 
HR, Heart rate; HRR, heart rate recovery; MET, maximal exercise test; SD, standard deviation. 
Y = <65 y (n = 50). 
O = ⩾65 y (n = 50). 
⁎ Significant result. 
 
There was no relationship between age and HRR (r = .009; P = .929). Accordingly, in this 
sample as age increased, there was not a decrease in HRR. 
 
Discussion 
 
Demographics 
 
This sample was similar to those in other studies of CR in that the majority of subjects are men, 
with women underrepresented despite similar occurrence rates of CV disease.1,21Women 
participating in CR tend to be 10 years older than men; however, in this study the average age for 
women was younger (62.5 years) than the men (64.7 years).21 
 
The women, although younger than previous studies, presented with a lower exercise tolerance 
than the men (6.8 METs vs 9.0 METs) and reached a lower peak HR (120.4 beats/min vs 124.6). 
This was consistent with other studies of gender differences in CR.22Despite starting at lower 
levels of fitness, women increased their exercise tolerance from 6.8 METs to 8.8 METs, a 29.4% 
increase. Cannistra and colleagues23 reported similar results in their study in which women 
increased the MET level by 30%. 
 
Several studies have shown that there was no significant difference in improvement of exercise 
capacity, represented by MET level, between men and women.22 Men and women in this study 
improved their HRR at similar rates, which was a consistent finding with other measures of 
exercise improvement. 
 
Similarly to other studies of CR, peak exercise tolerance before and after training was lower in 
older patients compared with the younger patients. Older patients improved from 7.3 METs to 
9.6 METs after training compared with younger patients who improved from 9.4 METs to 11.7 
METs. This represents a 24.5% increase in MET level for younger patients and a 31.5% increase 
in older patients. Lavie and Milani24 reported similar results with elderly patients (≥65 years) 
increasing exercise tolerance by 43% compared with a 32% increase in the younger patients (<65 
years). In both studies, elderly patients seemed to achieve greater gains in exercise tolerance than 
younger patients, which may be because younger patients have a higher baseline exercise 
tolerance. 
 
Although CAD disproportionally affects older patients, CR populations tend to have fewer older 
patients compared with younger patients.1,25 This study showed an equal proportion of older and 
younger patients (50% each), which was consistent with other studies of CR populations. 
 
Heart rate recovery 
 
HRR after exercise is an easily obtainable clinical variable, reflecting PNS activity, that has 
shown to be a strong predictor of all-cause mortality in various patient populations including 
healthy patients, patients with heart failure, and patients with CAD.26 Abnormal HRR has been 
associated with an increased risk, therefore, modifying HRR may change risk.27Exercise training 
has established effects on resting autonomic tone but an emerging benefit may be modulation of 
the autonomic response to exercise, specifically, endurance training is associated with higher 
PNS tone and lower SNS tone during exercise.28 
 
Exercise training during CR was associated with an improvement in HRR, which may represent 
an improvement of autonomic tone. These findings were consistent with previous studies that 
evaluated the effect of exercise-based CR on HRR that showed improvement in HRR.16-
18 Results from Hao and colleagues16 and Tiukinhoy and colleagues17 permit suitable comparison 
because these studies used exercise testing to obtain HRR data. 
 
Tiukinhoy and colleagues17 reported a significant improvement in HRR in the intervention 
subjects with a mean increase of 4 (SD 5) compared with our result of 2.94 (SD 12.4) (Table 
V). These authors used a control group for comparison that did not show an improvement in 
HRR. For the intervention group, Tiukinhoy and colleagues’ intervention group showed an 
increase in HRR of 22% compared with our result of a 13.6% increase. 
 
Table V. Mean increase in heart rate recovery before and after cardiac rehabilitation 
 
SD, Standard deviation. 
⁎ Significant result. 
 
Hao and colleagues16 compared results from subgroups similar to those in our study. These 
authors reported a 26% increase in HRR for the total sample (N = 55) compared with a 13.6% 
improvement in our results. Hao and colleagues16 also reported improvements for both genders 
and both age groups, whereas our results found improvement only in the male subgroup. 
 
Results from previous studies and this study are similar and suggest an improvement in HRR. 
One plausible explanation for the increase in HRR may be the healing and time after an acute 
event such as a myocardial infarction, bypass surgery, or coronary stent placement rather than a 
training effect. However, Hao and colleagues16 reported a significant improvement in HRR in a 
subgroup of patients with chronic stable angina who were not recovering from an acute event. 
This suggests that the improvement was not simply the chronologic pattern of recovery from a 
debilitating event.16 In addition, patients usually have up to 1 year after an event to begin CR, 
and patients who have had bypass surgery typically do not start strenuous exercise for 3 months. 
Data regarding time between the precipitating event and the start of CR were not collected in this 
study. 
 
Another possible explanation for the increase in HRR after CR is the effect of beta-blocking 
medications. Beta-blockers decrease resting HR and reduce the ability to achieve maximum HR; 
consequently, it is possible that there was an impact of beta-blocker use on HRR.26 Previous 
studies have been inconsistent over the effects of beta-blockers on HRR. Desai and 
colleagues29 reported that beta-blockers affect HR in recovery most likely through an indirect 
effect by reduction of chronotropism. 
 
Conversely, Racine and colleagues26 reported that beta-blocker therapy did not seem to 
significantly improve HRR up to 3 minutes after maximal exercise test. In addition, Shetler and 
colleagues9 found that the administration of beta-blockers had no significant impact on the 
prognostic value of HRR. The effect of beta-blockers remains controversial and warrants further 
study. 
 
A third possible explanation of the improvement in HRR in this study and others may be the 
effect of exercise training on autonomic function. Endurance training significantly affects 
autonomic control of the heart, increasing PNS activity and decreasing SNS activity at 
rest.30 Athletes have been shown to have a lower resting HR and a more rapid recovery of HR 
after exercise as the result of enhanced PNS activity produced by long-term training.30Aging is 
associated with a reduction in PNS control of the heart that is partly the result of a decrease in 
physical fitness, but the decline in fitness can be modified by regular exercise, which will 
increase PNS activity.30 Yamamoto and colleagues31 studied the effects of endurance training on 
autonomic control. The authors reported that through endurance training, changes in autonomic 
control contribute to a decrease in HR at rest and during post-exercise recovery, and that 
adaptation of autonomic control occurs more rapidly in immediate post-exercise periods than at 
rest. 
 
Limitations 
 
One limitation of the current study was the lack of a control group who did not participate in CR 
for comparison of results. The inherent bias of the retrospective design was also a limitation of 
the study. A prospective design with consistent application of exercise testing protocols and data 
collection would yield more complete data from which stronger conclusions could be drawn. 
 
The sample size (N = 100) was relatively small, although larger than comparable studies. A 
larger sample would increase confidence in the results of this study. However, a post hoc power 
calculation indicated that the study had moderate power to detect differences between the 
subgroups. 
 
The sample was a convenience sample of patients from one urban facility in North Carolina. The 
sample was mostly male, and the majority was white. 
 
The effect of beta-blockers on HRR remains an area of considerable debate.27 Doses of beta-
blockers were not routinely held the day of testing. Beta-blocker use could not be controlled 
during the period between the two exercise stress tests. Once started on beta-blockers, most 
patients did not discontinue them; however, doses may have been changed in the period between 
tests. Doses of beta-blockers were not reported because documentation was not optimal. 
 
Finally, this study included only patients who had the physical ability to complete two exercise 
stress tests, which requires the capability to walk on a treadmill. Some patients were excluded 
because of the inability to complete a stress test. These patients were prescribed exercise by other 
means and were able to perform aerobic exercise during CR, but were not included in this study. 
Patients with more physical limitations probably gain equivalent benefit from CR, but they were 
excluded from this study. 
 
Implications for future research 
 
HRR has been shown to be a predictor of mortality, and this study demonstrated that HRR 
improved in a sample of patients who completed CR. It is not known whether improving HRR 
will have a meaningful effect on survival.27 Future research is needed to more adequately address 
whether improving HRR improves mortality. 
 
The effect of beta-blockers on HRR also needs to be investigated further. Studies have differed 
in their conclusions as to whether beta-blockers affect HRR. Until this issue is resolved or beta-
blocker use is better controlled, this could be a limitation to any study of HRR. 
 
The samples that have been used to show that exercise improves HRR are all from CR programs. 
To generalize results, future studies need to include larger, non-CR subjects, more minorities, 
and more women. Clearly, more research is needed to determine how to incorporate HRR into 
the management of patients with and without heart disease.5 
 
Conclusion 
 
HRR improves in patients who complete CR. Improving HRR strengthens the rationale for 
promoting exercise. Nurses should encourage participation in CR programs for all patients with 
CAD but especially for groups known to be underrepresented, such as women, minorities, and 
older patients. 
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